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(54) Title of Invention: 

Power transmission system, electromagnetic field generator, and electromagnetic 
field receiver 

(57)Abstract 

PROBLEM TO BE SOLVED: An important issue to be resolved is the efficient supply of electric 
power from the reader/writer- side to the IC card-side in non-contact IC card systems. To this end, 
it is necessary to match the impedance of the transmitter and receiver for power and signals. 
Nevertheless, there is a range within which impedance matching is performed and the range of 
effective operation is limited for the efficient provision of electric power, and there has been a 
call for the creation of a non-contact IC card system having a wide operating range. 
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SOLUTION: In this invention, the sending side or the receiving side antenna coils are connected 
to an impedance matching circuit which simultaneously detects power transmission and receiv- 
ing conditions, determining whether or not impedance matching conditions have been satisfied 
and automatically switching the matching conditions according to these results. 



Claims 

Claim 1 A power transmission system has a set comprised of an electromagnetic field genera- 
tor and an electromagnetic field receiver which uses electromagnetic induction to transmit elec- 
tric power and to send and receive signals, and this electromagnetic field generator has at least an 
electromagnetic field generating means which includes an antenna coil to generate signals ac- 
cording to the electromagnetic field; a signal modulation means which modulates the signals thus 
generated; a signal modulation means which demodulates the load modulation signal of the elec- 
tromagnetic field receiver; and this electromagnetic field receiver has at least an electromagnetic 
field receiving means which includes an antenna coil to receive electromagnetic fields, a direct 
current voltage generating means which rectifies received alternating current signals and con- 
verts them to constant voltage, a signal demodulation means which demodulates modulated sig- 
nals, and a signal modulation means which performs load modulation with respect to electro- 
magnetic fields generated by the electromagnetic field generator by means of varying the load of 
the internal circuits,, wherein the power transmission system comprises: 

a variable impedance matching means which variably controls input-output impedance of 
either the electromagnetic field generating means of the electromagnetic field generator or the 
electromagnetic field receiving means of the electromagnetic field receiver; 

a power transmission efficiency detection means which detects either or both the power 
transmission efficiency or the derivative function thereof between the electromagnetic field gen- 
erator and the electromagnetic field receiver to control the variable impedance matching means, 
and a control means constituted of a power transmission state determination means which deter- 
mines the power transmission state; 

and this control means controls the input-output impedance of the variable impedance 
matching means, and increases power reception by the electromagnetic field receiver by match- 
ing the impedance between the electromagnetic field generator and the electromagnetic field re- 
ceiver. 

Claim 2 The power transmission system according to Claim 1, wherein the variable imped- 
ance matching means contains a variable capacitor circuit, or a variable inductor circuit, or a 
variable resistor circuit which is at least connected in parallel and in series to the antenna coil, 
and the characteristic value of the variable capacitor circuit or the variable inductor circuit, or the 
variable resistor circuit is controlled by the output from this means. 
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Claim 3 The power transmission system according to Claim 2, wherein the variable circuit 
constituting the variable impedance matching means contains at least capacitor elements, or in- 
ductor elements, or resistor elements, and cutoff switches which are connected in series with 
these, respectively, and the cutoff switches are controlled by the output from the control means. 

Claim 4 The power transmission system according to Claim 2, wherein the variable circuits 
constituting the variable impedance matching means contain at least variable capacitor elements, 
or variable inductor elements, or variable resistor elements, and the characteristic values are con- 
tinuously controlled to remain within a variable range of the variable capacitor elements, or 
variable inductor elements, or variable resistor elements according to the output from the control 
means. 

Claim 5 The power transmission system according to Claim 2, wherein the antenna coil is 
comprised of a plurality of antenna coils connected in series, and a variable impedance matching 
means as a means to select and switch at least one of the two connection points with the antenna 
coils from both ends or from the series connection point of the antenna coils, a variable capacity 
element which is connected in parallel to the antenna coils and which controls the characteristic 
values of the contact points with the antenna coils and of the variable elements according to the 
output of the control means. 

Claim 6 The power transmission system according to Claim 1, wherein the electromagnetic 
field receiver is an IC card. 

Claim 7 The power transmission system according to Claim 1, wherein the carrier frequency 
is 13.56 MHz. 

Claim 8 An electromagnetic field generator uses the power transmission system according to 
any of Claims 1-7, and comprises a variable impedance matching means provided between the 
transmission antenna and the internal circuits, and a control circuit which includes a power 
transmission state detection means and a power transmission state determination means to con- 
trol the variable impedance matching means. 

Claim 9 An electromagnetic field receiver uses the power transmission system according to 
any of Claimed 1-7, and comprises an inductor variable matching means provided between the 
receiver antenna and the internal circuits, and a control circuit which includes a power transmis- 
sion state detection means that a power transmission state determination means to control the 
variable impedance matching means. 
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Detailed Description of the Invention 

0001 

Industrial Field of the Invention 

The present invention pertains to non-contact IC card systems which not only transfer data 
between the reader/writer-side and the IC card-side, but which also supply electric power to op- 
erate the IC card, and particularly to impedance matching means to perform the efficient supply 
of electric power across a wide range of operations. 

0002 

Prior Art 

ISO/IEC is advancing the work of standardizing non-contact IC cards and classifies them 
according to the non-contact interface they use as contact types, proximity types, vicinity types, 
and microwave types. Among these classifications, as well, electromagnetic induction method 
proximity-type IC cards using a carrier frequency of 13.56 MHz are attracting attention in appli- 
cations such as electronic tickets, electronic money, access control, amusements, and for admin- 
istrative/public cards, and the like. Furthermore, electromagnetic induction method vicinity-type 
IC cards using this same frequency are attracting attention for access control, amusements, and 
other uses. 

0003 

These proximity-and vicinity-type non-contact IC cards are not provided with batteries but 
instead use power which is supplied to them by electromagnetic induction from the reader/writer 
to operate the IC provided internally in the card, and the degree to which IC cards which perform 
a response to receive electric power efficiently is a critical issue in the context of improving the 
processing performance of IC cards and to expanding the operating range in terms of communi- 
cation distance between the reader/writer and the IC card. While it is a well-known fact that it is 
effective to have good efficiency of power transmission by matching the impedance of both the 
reader/writer and non-contact IC cards in transmitting power to non-contact IC cards from 
reader/writers, regardless of the fact that impedance matching is dependent upon the distance 
between the reader/writer and the IC card, in prior art IC cards, as shown in Figure 10, a syn- 
chronizing condenser 65 is interposed between the antenna coil 62 and the internal circuits of 63 
on the receiving side of an IC card 61, and also an impedance matching circuit 69 is interposed 
between the transmission circuit 67 and the antenna coil 68 on the sending-side reader/writer 66, 
so that it there is no more than a narrow operational range because impedance matching is per- 
formed according to specific distances and the IC card does not perform effectively. Therefore, 
for example, in the case of proximity IC cards using the ASK 10% modulation method, the limit 
to the communications distance between the reader/writer in the IC card is approximately 10 cm, 
but by fixing the circuit constant so that the IC card can function at 10 cm, actual operations can 
only take place at 2~3 cm plus or minus that distance. Outside of that range, impedance is not 
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matched, the electric power the IC card can receive is insufficient, and the IC card does not func- 
tion. In vicinity types, the upper li mit on vindication distance is approximately 70 cm, represent- 
ing a substantial increase in the distance over proximity types and the operational range is com- 
mensurately wider, but the situation is the same in that the margin of potential communications is 
not very large when impedance matching is fixed. 

0004 

Unexamined Patent Application Publication 10-145987 discloses an IC card with an imped- 
ance control circuit therein which controls power which is received. In this prior art technology, 
as shown Figure 11, the characteristic value of the impedance variable circuit 53 constituted of 
variable resistance or variable capacitance inserted in parallel in the antenna coil 52 on the IC 
card-side is varied, or the inductance of the antenna coil 52 is equivalently controlled and exces- 
sive input had very close distances is reduced by releasing impedance matching. Nevertheless, 
since there is only one impedance variable circuit 53 performing control in parallel with the an- 
tenna coil 52, and without being able to perform impedance matching, even if impedance 
matching is released, this technology does not have the effect of improving power supply effi- 
ciency when the distance from the reader/writer is large or in locations where there is a great 
disparity in impedance matching, and the technology does not expand the range of communica- 
tion distance. One of the characteristics of non-contact IC cards is that they can function at a dis- 
tance from the reader/writer, so a narrow operational range of an IC card presents an inconven- 
ience for card users and can also result in the incorrect operation of the IC card. 

0005 

Problems the Invention Seeks to Resolve 

In light of the above-mentioned problems, it is therefore an objective of the present invention 
to present a non-contact IC card system which performs power transmission and signal 
transceiving using electromagnetic induction with a wide range of possible communications dis- 
tances and higher power transmission efficiency in a non-contact IC card with an expanded range 
of operation and excellent practicality. 

0006 

Means of Solving the Problems 

In order to achieve the above objectives, this is a system provided with a control means 
which includes a variable impedance matching means is interposed between the antenna coil and 
the internal circuits of at least one of either the electromagnetic field generator, which is the 
non-contact IC card system reader/writer-side, and the electromagnetic field receiver, which is 
the non-contact IC card and, at the same time, a power transmission state determination means 
which determines whether or not it is necessary to switch the matching parameters of the vari- 
able impedance matching means in response to requirements of the power transmission state ob- 
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tained from a power transmission state detection means, thereby expanding the range of dis- 
tances at which system operations are supported between the non-contact IC card and the 
reader/writer. 

0007 

A variable impedance matching means is provided here between the antenna coil and the in- 
ternal circuits in both the electromagnetic field generator and the electromagnetic field receiver 
to correct for changes in the impedance in the connection status of both antenna coils which 
changes according to the distance between the two, and this variable impedance matching means 
is controlled by control circuits which include a power transmission state detection means which 
detects and senses the induction electromotive voltage which may, for example, be generated by 
the antenna coils, comparing the induction electromotive voltage which is the outcome of this 
detection against a predetermined base voltage, and a power transmission state determination 
means which determines whether or not to switch the matching conditions of the variable im- 
pedance matching means. 

0008 

Thus, this variable impedance matching means may be constituted of variable capacitor cir- 
cuits, variable inductor circuits, or variable resistor circuits which are connected in series to or 
parallel with the antenna coils, and has switches to control the characteristic values of the vari- 
able elements according to signals from the control means. Moreover, this variable impedance 
matching means is also defined as being constituted of variable capacitor circuits, variable in- 
ductor circuits, or variable resistor circuits which are connected through switches in series to or 
parallel with the antenna coils, and the characteristic values of the elements are controlled 
equivalently by controlling the switches according to signals from the control means. 

0009 

Embodiments of the Invention 

The following description of embodiments of the invention is made with reference to the 
drawings. Figure 1 shows the basic architecture of the non-contact IC card system of an em- 
bodiment of this invention. Thus, as shown in Figure 1, a non-contact IC card system comprises 
a reader/writer 30 set which performs the transceiving of electric power and signals using elec- 
tromagnetic induction, a PC or other control terminal 31 which controls it, and a non-contact IC 
card 32. 

0010 

Figure 2 shows the basic architecture of a power transmission/signal transceiving system ac- 
cording to the present invention. Thus, in a paired electromagnetic field generator 1 and electro- 
magnetic field receiver 2 which performs power transmission and signal transceiving using elec- 
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tromagnetic induction, the electromagnetic field generator 1 forms the non-contact IC card 
reader/writer, and has at least internal circuits including an oscillating circuit 6 to generate elec- 
tromagnetic waves necessary to perform communications and to supply electric power, a signal 
modulation means 7 to modulate the electromagnetic wave carrier, a signal demodulation means 
8 to demodulate signals which have been load modulated by the electromagnetic field receiver 2 
which is the non-contact IC card, and an antenna coil 4 to generate an electromagnetic field 
based on the output signal of the internal circuits 3, and matching circuit 5 to match the imped- 
ance. Moreover, the electromagnetic field receiver 2 has internal circuits 1 1 which include an 
antenna coil 9 to receive the electromagnetic field generated by the electromagnetic generator 1, 
a variable impedance matching means 10 which can variably control input-output impedance of 
the electromagnetic field receiver to, a power transmission state detection means 18 which de- 
tects the power transmission state between the electromagnetic field generator 1 and the electro- 
magnetic field receiver 2, and a power transmission state determination means 19 which deter- 
mines the state of power transmission based on the results detected by the power transmission 
state detection means 18 and controls the variable impedance matching means 10, a rectifier cir- 
cuit 12 which rectifies the received alternating current wave, and internal circuits 13 which oper- 
ate according to the signals rectified by the rectifier circuit [12]. The power transmission state 
detection means 18 referred to here may detect the induction electromotive voltage induced for 
example in the antenna coil 9, and the power transmission state determination means 19 com- 
pares this induction electromotive voltage to the base voltage corresponding to the received 
power which enables operation of the IC card, and according to this result, the switching of the 
variable impedance matching means 10 matching conditions is controlled thereby. Furthermore, 
the internal circuits 13 have a constant voltage generating means which generates direct current 
voltage used to power the CPU, etc., a signal demodulation means 15 which demodulates the 
modulated carrier wave, a signal modulation means 16 which performs load modulation relative 
to the carrier wave according to the change in the internal circuit load impedance, and CPU and 
other digital circuits 17 which perform actual operations. Moreover, the CPU and other digital 
circuits 17 typically include a communication means with the host computer, a base fre- 
quency-generating means which generates a clock, buffer memory, communications protocol 
control means for initial response, collision avoidance, and the like, clock playback circuits, CPU, 
RAM, ROM, and electrically-erasable programmable read-only non-volatile memory (such as 
EEPROM, flash memory, ferroelectric memory, etc.). 

0011 

This variable impedance matching means 10 may without impediment be inserted after the 
antenna coil 9 or after the rectifier circuit 12, but it is preferentially inserted between the antenna 
coil 9 and the rectifier 12 because of the fact that the variable impedance matching effect of the 
operation of the signal prior to rectification is large. Furthermore, to obtain the desired control of 
input-output impedance, the variable impedance matching means 10 is typically configured to 
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control the characteristic value of the two elements which are connected equivalently in series 
and in parallel. By using two elements which are connected in series and in parallel, the reflec- 
tion due to unmatched impedance is minimized and control to maximize the efficiency of power 
supply is enabled. The elements which are inserted in series and in parallel here can be capacitors, 
inductors, or resistors, but resistors can typically be used to continually control characteristic 
value, and power loss can be avoided. Moreover, although the power loss of inductors is less 
than that of resistors, they are larger in size and difficult to incorporate into integrated circuits 
and, furthermore, they are not easy to control. Therefore, in light of their power loss and ease of 
characteristics control, by configuring the system only with variable capacitor 20 and 21 and 
shown in Figure 3, it becomes possible to perform inductance matching continuously and ease of 
adjustment is facilitated. The capacitance of the variable capacitor 20 and 21 illustrating Figure 3 
is preferentially variable within the approximate range of 1 pF to 200 pF, facilitating installation 
in an integrated circuit. 

0012 

Further, the element used in the variable impedance matching means 10 does not need to be 
a single element. Since it is acceptable for the characteristic values of single elements which are 
connected either in series or in parallel to be able to be equivalently controlled, it is equally ac- 
ceptable to insert a plurality of groups comprising a capacitor having a fixed characteristic value 
and a switch group inserted in series with this capacitor, in place of the single variable capacitor 
shown in Figure 3, and by controlling these switches by means of the control circuit 11, one or 
more are selected and connected respectively from the plurality of capacitors which have been 
inserted ahead of time in parallel or in series in the antenna coil 9, and the characteristic value of 
the elements are equivalently controlled, as shown in Figure 4. Electronic switches comprised 
of CMOS or other transistors are desirable because such switches operate at high speed and fa- 
cilitate ease of control of the control circuit 11. By configuring the system in this way, the char- 
acteristic values of the elements are changed non-continuously and discretely, but in typical use, 
the nearly continuous control of characteristic values can be achieved as long as the power sup- 
ply efficiency remains at 50% or greater when the distance fluctuates by using a still larger 
number of these capacitors and switches. In Figure 3, all of the elements used in the variable im- 
pedance matching means 10 are capacitors, but it goes without saying that a portion or all of 
these can be inductors, resistors, or combinations of multiple varieties thereof without restriction. 

0013 

Also, Figure 3 illustrates a constitution in which the variable impedance matching means 10 
is inserted after the antenna 1, but as shown in Figure 5, it is acceptable to configure the system 
so that a tap is taken off from an intermediate point on the antenna 9, with a switch that switches 
selectively between the tip of the antenna coil or the tap at the midpoint thereof, and by means of 
the variable capacitance inserted in parallel to the antenna coil 9, control thereof is performed by 
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means of the control circuit 1 1 . In this case, since the midpoint on the antenna 9 is used, con- 
tinuous control of the characteristic value cannot be performed and the characteristic value is 
varied non-continuously and discretely; nevertheless, virtually continuous control of antenna 9 
inductance can be performed by taking multiple midpoint taps [off the antenna 1] and by switch- 
ing therebetween. In this case, the range of the variable inductance should be roughly in the 
range from 0.5 pH to 3 pH and, for example, it is possible to implement the aforementioned 
variable inductance range by providing approximately 10 turns of antenna coil 9 windings within 
the limitations of the shape of the card, and taking off midpoint taps therefrom. 

0014 

The control circuit 11 includes a power transmission state detection means 18 which detects 
either or both of the power transmission efficiency between the electromagnetic field generator 1 
and the electromagnetic field receiver 2 or its derivative thereof and a power transmission state 
determination means which determines the power transmission state, and the power transmission 
efficiency between the electromagnetic field generator 1 and the electromagnetic field receiver 2 
is maximized by controlling the variable impedance matching means 10. 

0015 

The input into the aforementioned control circuit 11 may satisfactorily detect the voltage at 
both ends of the antenna 9, as shown by the dashed line in Figure 2, but since it is easier to sense 
direct current voltage then it is to sense alternating current, it is preferable to use as the input of 
the control circuit 11 the voltage after the rectifier circuit 12, which is indicated by the solid line 
in Figure 2. It is preferable that control be performed by this control circuit 11 using an internal 
CPU or a dedicated control circuit, but there is no impediment to using a pre-installed decision 
circuit which is simply configured to perform control operations, depending on the size of the 
input voltage. Moreover, the power transmission state determination means 19 which is con- 
tained in the control circuit 1 1 may without impediment make decisions according to a CPU 
within a digital circuit 17 such as a CPU or the like. In this case, the power transmission rate de- 
tected by the power transmission state detecting means 18 is inputted into the CPU or other digi- 
tal circuit 17, the power transmission state is determined by the internal CPU, and a control sig- 
nal is outputted to the control circuit 11 on the basis of the decision results and control is per- 
formed. 

0016 

Moreover, the variable impedance matching means 10 is configured within and electromag- 
netic field receiver 2, but as shown in Figure 6, there is no impediment to it being configured 
within and electromagnetic field transmitter [sic: error for "generator"?] 1. The variable imped- 
ance matching means 10 is interposed between the internal circuit 3 and the antenna coil 4 in the 
electromagnetic field generator 1 . Furthermore, a matching circuit 5 is inserted between the an- 
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tenna coil 9 and the rectifier circuit 12 within the electromagnetic field receiver 2. Also, the 
control circuit 11 which controls the variable impedance matching means 10 is similarly config- 
ured within the electromagnetic field generator 1, and its input uses the voltage detected from 
both ends of the antenna coil 4. In this constitution, as well, there is no difference in the effect 
the configuring the variable impedance matching means 1 within the electromagnetic field re- 
ceiver 2. 

0017 

In typical power transmission and communication systems which use electromagnetic field 
generators 1 and electromagnetic field receivers 2, the electromagnetic field generator 1 position 
is formed as a fixed terminal while the electromagnetic field receiver 2 is configured so as to be 
miniature and portable so that users can carry it about and use it. Therefore, in these power 
transmission and communication systems, the number of electromagnetic field generators 1 is 
significantly fewer than the number of electromagnetic field receivers 2, and there are advan- 
tages to be gained in terms of lower manufacturing costs by configuring the variable impedance 
matching means 10 within the electromagnetic field generator 1. Moreover, an effective way to 
increase the communications distance with typical electromagnetic field generators 1 is to con- 
figure the variable impedance matching means 10 within the electromagnetic field receiver 2, 
offering the advantage of greater compatibility with infrastructure which is already configured 
with electromagnetic field generators. 

0018 

Moreover, although a variety of frequencies can be used for the transmitter [sic: typographi- 
cal error for "oscillating"] circuit 6, since power transmission between the electromagnetic field 
generator 1 and electromagnetic field receiver 2 takes place in an induced electromagnetic field, 
the distance over which power can be transmitted is shortened if this is high frequency, so it is 
desirable for the frequency to be less than 100 MHz. Moreover, if the frequency is less than 100 
kHz, more than 100 turns of the antenna which generates and receives the electromagnetic field 
are required so that, when there are size and shape limitations on the card which serves as the 
electromagnetic field receiver 2, installation of such an antenna coil becomes difficult. In this 
connection, the typical example of a non-contact IC card which uses the ISO/IEC standard fre- 
quency of 13.56 MHz in a typical power transmission/communication system using an electro- 
magnetic field generator 1 and electromagnetic field receiver 2, there are advantages to be gained 
in terms of manufacturing in that a large amount of output can be used in the context of the Ra- 
dio Law in the marginal zone of this frequency. Also, in general-use passenger tickets in which 
the system uses this type of non-contact IC card, the greater to agree of convenience is obtained 
by increasing the communications distance, affording significant effects in terms of the operable 
range of the present invention. In light of this fact, a frequency of 13.56 MHz of the oscillating 
circuit 6 is desirable. 
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0019 

As described above, even when the distance between the electromagnetic field generator 1 
and electromagnetic field receiver 2 varies in the foregoing constitution, and the electromagneti- 
cally induced bonds between both antenna coils fluctuates, due to the variable impedance 
matching means within the electromagnetic field generator 1 and the electromagnetic field re- 
ceiver 2, impedance matching is performed at all times and a high level of power supply effi- 
ciency is obtained at all times. As a result, not only can the range of operation of the electro- 
magnetic field receiver 2 be increased, but greater stability of communications operations can be 
achieved. 

0020 

Figure 7 shows a more specific schematic of the peripheral circuits of the antenna matching 
method of the invention according to the foregoing description. Here, the reader/writer 30 has an 
oscillating circuit 40 that oscillates at 13.56 MHz, a signal modulation circuit 41 that modulates 
oscillating circuit 40 signals at a proximally 106 kbps within a range of approximately 10%, a 
matching circuit 43 constituted of two capacitors inserted in series and in parallel before the an- 
tenna coil 42, and an antenna coil 42 wound in a spiral shape, and this reader/writer 30 has a 
typical potential output power supply with an approximate maximum of 1 W from the antenna 
coil 42 to the non-contact IC card 32. Moreover, the non-contact IC card 32 is formed with an 
antenna coil 44 formed by copper etching in a printed flat spiral shape, and has an IC chip con- 
sisting of a single CMOS chip which is sealed within the parent material of the card by means of 
PET, although the internal circuit is omitted from the drawing. 

0021 

The signal induced by the antenna coil 44 of the non-contact IC card 32 by the electromag- 
netic field outputted by the reader/writer 30. The internal circuits of this IC chip are initially in- 
putted into the variable impedance matching means 45. The variable impedance matching means 
45 selects one or a plurality of capacitors by the means of electronic switches SW 1 and SW2 and 
connects thereto from out of the plurality of capacitors (a~h) arranged in parallel and having dif- 
fering capacitance. These stats are inserted in parallel with the antenna 44 at the end of the an- 
tenna 44, and moreover one set is inserted in series at the end of the antenna 44. The electronic 
switches SW 1 and SW2 are controlled by signals from the control circuit 46. There is a full wave 
rectifier circuit 47 comprised of four diodes inserted at the end of the variable impedance match- 
ing means 45. At the end of this full wave rectifier circuit 47, a capacitor 48 is inserted in parallel 
to flatten the waveform after it is rectified and, after that, a constant voltage circuit 49 with a 
shunt regulator using a Zener diode or the like to generate CPU or other digital circuit operating 
voltage is provided. Furthermore, a signal demodulation circuit 50 which chooses signals from 
the voltage signal induced by the antenna 44 of the non-contact IC card 32, and a signal modula- 
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tion circuit 5 1 which is inserted in parallel with the antenna coil 44 and performs communication 
by load modulation are inserted. The output of the constant voltage circuit 49 configured of the 
aforementioned shunt regulator and the output of the signal demodulation circuit 50 are inputted 
into the input of the CPU or other digital circuit that the two and the output of the CPU or other 
digital circuit 52 is inputted into the signal modulation circuit 51. 

0022 

In the foregoing constitution as described above, capacitors a~h having varying capacitance 
are combined with electronic switches SW 1 and SW2 of the variable impedance matching means 
45 to create four mutually differing states S1~S2. Figure 8 shows four types of states obtained by 
combining these capacitances. Figure 9 shows the kind of change in received electric power ac- 
cording to the distance between the non-contact IC card 32 and the reader/writer 30 thus ob- 
tained. In figure 9, the x-axis is the distance (in centimeters) between the non-contact IC card 32 
and the reader/writer 30, and the y-axis is the power transmission efficiency with 1 as 100%. In 
Figure 9, the various states indicated by S1-S4 are power reception characteristics which are 
equivalent to those of prior art non-contact IC cards which do not have a variable impedance 
matching means, and in prior art non-contact IC cards, S1-S4 indicated in Figure 9, each repre- 
sents a single state and the range within which the constant voltage needed to operate the card 
can be obtained becomes narrowly limited due to the different locations at which power recep- 
tion peaks are found because of the different impedance matching parameters. In this particular 
embodiment, by turning the electronic switches SW 1 and SW2 on and off sequentially using the 
variable impedance matching means 45 according to the distance, the range at which the neces- 
sary constant power can be obtained is increased (for example, the power reception P in Figure 
9). In other words, in Figure 9, by varying the distance between the non-contact IC card 32 and 
the reader/writer 30 in this embodiment, if, for example the power reception declines to P, the 
switching of the electronic switches Swl~SW2 can increase the operating range to the distance 
dl~d2 range illustrating Figure 9. 

0023 

Effect of the Invention 

According to the present invention, the construction of power transmission and signal 
transceiving systems which permit ease of use by users of non-contact IC cards is facilitated by 
providing a set of electromagnetic field generator and electromagnetic field receiver which per- 
forms power transmission and signal transceiving using electromagnetic induction, by providing 
a variable impedance matching means in at least one or the other of the electromagnetic field 
generator or electromagnetic field receiver, the power is received that sufficient to operate the 
electromagnetic receiver is maintained even when the distance between the electromagnetic field 
generator and electromagnetic field receiver varies. 
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Brief Description of the Drawings 

Figure 1 Architecture of a non-contact IC card system using the invention. 

Figure 2 Block diagram of the basic constituents of the non-contact IC card system of the in- 
vention. 

Figure 3 Schematic of the variable impedance matching means using a variable capacitor. 
Figure 4 Schematic showing the constitution of the variable impedance matching means using 
a capacitor and a switching switch. 

Figure 5 Schematic showing the constitution of the variable impedance matching means hav- 
ing a midpoint tap. 

Figure 6 Block diagram showing the system architecture when constituted with a variable im- 
pedance matching means configured within the electromagnetic generator. 

Figure 7 Schematic of the main parts of a system using the invention. 

Figure 8 Diagram illustrating combinations of impedance matching depending on switch op- 
erations. 

Figure 9 Graph illustrating electromagnetic field strength fluctuation indicating changes in 

power reception according to variations in the IC card and the reader/writer versus each 
of the inductances shown in Figure 8. 

Figure 10 Block diagram illustrating a non-contact IC card system constitution of the prior art. 
Figure 11 Circuit schematic when there is variable impedance circuit configured in the IC card 
in a prior art non-contact IC card system. 

Symbols 

1 Electromagnetic field generator 

2 Electromagnetic field receiver 

3 Internal circuit 

4 Antenna coil 

5 Matching circuit 

9 Antenna coil 

10 Variable impedance matching means 

11 Control circuit 

12 Rectifier circuit 

13 Internal circuit 

14 Constant voltage generating means 

15 Signal demodulation means 

16 Signal modulation means 

17 CPU or other digital circuit 

18 Power transmission state detection means 

19 Power transmission state determination means 

20 Variable capacitor 
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21 Variable capacitor 

30 Reader/writer 

31 PC, or other host terminal 

32 Non-contact IC card 

40 Oscillating circuit 

41 Signal modulation circuit 

42 Antenna coil 

44 Antenna coil 

45 Variable impedance matching means 

46 Control circuit 

47 Rectifier circuit 

48 Capacitor 

49 Constant voltage circuit 

50 Signal demodulation circuit 

5 1 Signal modulation circuit 

52 CPU or other digital circuit 
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Hlfi&l 2rt^rt«E£;:rtlW»|II»l l«AAkt4 
iidAAlU AcDfrJfPHIE&l lfciJftSffl»tt, rtSfffc: 
C PUt> L< LAffeWAS «! t AM 
4 L^**, A*ttJEE<AA§ $ oA<fc SA trtg&AA 

mm as x 0 a am a ott 

ILSt*v\ 4A, m»m»i lmz&tti&njim 
s£RJB¥ije#g»i i9ii, cputf^ aa/hhs& 1 7 
ftOCPUtCjr^TWgLAt^LAAAlU .ICD±§^ 
ui±, 1 s uj; ^xmm la** 

taSftWCPU^f^ yftvm&l 7tAAL, I*]gp 
OCPUtlO **fisi£KJIR Sr TO£ L . 

< mu l l Lffi* LTfW»£fr 5 . 

[00 16 ] l/;, 0 2 X'ti 4 y t°— A yxmXSM^ 
&i oimMm%{mm2ftizffii&Lt:t>K m6iz^ 
x 5 iznmmmmmm 1 mzm& lt t n l* a At u 
4 yb°-yyx-BT$m^& 1 oil. **tt&ll£gx 1 
Art, rt&BK3i:TyA*34/P4rtiafc:j¥AAS. 
4A, ***£@§1* 2 FFUT>A A 3 4 /l- 9 b fiM0 

n 1 2 nmz. 4 a, ivt- 

Aux nr«£A® 1 0 £IHWAS<MttlII0g 1 1 t, Ill 
*£, «BWBfe^iailW=flMtL, f»A*(177r 
i-x-( /u4comtQTmmL A*EE£®fiAs. zcox^ 
AWnrcA^T t , tui£^«!i«^ftsa2 ^^4 yt- 
-AAX^^A®£ffi)£LAi§^L^Siy;^AtA 

tu 

[00 1 73 12, «&»%££■ 1 £*»*£m£gS 

2^fflAAm7jfS3* • mmyx^i±izt5^xte, wm*% 
9t±mm. i (ifiiMjE § i-itzn%Mmmx& o , **l 

2 < AJ^M ■ 

Jr-oT, ±IE«*[eM ■ aflAXAA 

mmmt^m a 1 a&fttt*fls*3<i§sE 

2rt£*U: 0 ttiSA^AAC, 4 At‘-A>.X 

i o i \Hmmixmmzii. 



a xmmz £>x> hm.m fmmxm t? tA- K^fii.A 

tx. 4 > k-a>xa‘a®a#© i o 'bmm 
m&ms8K2i*itzmi&Lfi:m&tzii* 
mmuzMixL, mmmmim±xz> aa ^*^ 4 # 

t i'L , &tftX>WMM?££mmz X ot fflft $ AT: 4 V 7 

5 3 AAt" Ufi jW««$ AS ffljS** 

[ 0018 ] iA, ^ftiug# 6 emtikmitamizimx 
z h i>\ wmm^mw. 1 1 2 

TjfEiMSr 5 T: A , iXJ^li&X'X) Z> b . WXs 

<%->xLtozbt,zx'o. mm 

10 0MHzJaT**a4UA it, »100kHz 
HTXhh b , 

0 0 S'-AtlAA'T-g.^^D, m 
2 ifiii— F«« tcKS&S AS Rgfcfi. 
A-ST ; SI L < * S i: v A PflM//* S „ SrTA" t , 13 . 

5 6MHz , VSPBfi^lK 1 b WMm %. ft 

• aftAXAAcDlt^W^rlEffl 
MT-afe S^P*M I C A - FAffiffl SAA I SO/ 1 EC 
T1S2P12 £ Ktzmmxxh o , r i 

t A& bhb\y.) 

tiffbh. tfz. ±IE^®MI C*-K^fflotyXf 
AilLT, im^M^coXdlz. Mmm^MMzX O 
TfflffitttfrtF±-*-S t A/r'AAAA, 4 SSWN 

^T«g*|g|llAfi£AAS!j*{i:A&vu tlA&ilASk, ^ 
fiHIg# 6 AMiSiStii: 13. 5 6 M H z X$> S i t All 
Liu 

[0019] L[±ift 0 JL7:J;5A, ±f2«^CJ;A{f, 

1 1 mmm^mmm 2 

l, tafr u a a=j 4 jbF3ff)wmmm^£m&3cm ttzm 

iz t , 1 4 A( 4 »®i 4 SfI^g 2 DA 4 

yh-/y 7 ,MSr#aLJ; ot . «fc :4 yt'-^y 

xm^r/m^tt.. la a „ l 

AAJroT. *® 7 i'grfi-K® 2 7 )MfLAfeLL I 5 H//K:A 
AS fc fc t A, Alt L A3fflff SfrA Sr AIS A S Zbf/X^ 
S « 

[ 0020 ] [rJAIteRJ L A AA R i 3 (-A(tS T >rtSS s 
ASifilSA [«Sri: ') M AP^UA L A 0 B 03 &*EI 7 Ti> 
S„ SSt. U-y-^ 4^-3 0{±1 3 . 56 MHz 
A«AS4S3S0S§4 0 t , Z<7MMm&4 0<7)imX 
»io 6 kb P st»io %mmxs.mz as Q^tm 
ff# l 1 > , T>AAr? 4 /H 20 ) 1 ft&Vi£MtsXV&&\ 
izi f A LA 2 ocodf -v A ^ tz X o T «R!c L AS ^00 
43 k, xyA 7 M(«lt 7 yft 3 ^f/P 4 2 k 
£ 4 TL, 127 yft3^/14 2AS#tiMl CA-F 
3 2^(i*A*t> l vm&<xwt) A A Xth 

So 4A, mm I C A- F 3 2 [ifflx ■/ A >4"fTffi 

mzxru y m mx mmm t tz r y t a 3 4 ;P4 4 

t , lASH@gSSrHA L AU'A'C MOStlfv A AJFM 
LA I C A ■/ ASrPETAJrSA— F AM^SPAflAlF^ 
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[ 0021 ] o-7 , -y4 7-3o 
lot, imm.1 C#-F3 2<r)T>7-1'^A)V4 4t 

isestL/dtw. ±ieoi c^--/r^A*§tLSo c 

<t> I MACt yb-7"yxn^ 

SE£¥K4 SfcrA^jSfiS. <17)4 yt-^'VAnT^ 
a#IS4 5(4, Mtir&^JMSS: £> -W-sy^ ( a—- 
h) ttAT.4 v-ASWl AAA'S 

W2(tA-oT, 

Jr^^Srlxy fcL<liiSfflkffiHH?L«*W-*. A 
tlSr, T>-f3'4 4£7)®gttT^^3'4 4fcM?iJ(t 1 

45X4 yfSWlfc AA'SW2tiMffll[IIS&4 

-f-tc J; oTffilflrf 4 . 4 yt-ryxnj^»^®4 5 

oastta . 4 07 ) 7-4 4-- f Tm$L l fc^aata hib 

4 7SrffA't£o £7)£iftSEaailll4 7 7)f®l(i, ££ 

4 8 Sr#7'IAt¥ 

At, ^commz. crum^i 'Jfivmffinimns. 
S4)fitSft»«£«£EiB4 9^7it-^^-h* 
^£fflV'fci^yp]y^.xly~7fcJ:^T«Jit'r4. 4 
A, #®MI C#-H3 2 TJTy-ri'a 4 /F4 4 -CStS 

ufe«£Em#*>6, a#£fflart-sm#«*iiHii&5 o 
t , r yft3 4 /F4 4 KMTiJCrff A L AM# 4 y t°— 
7'yx sr^t&^itT, n$r3£m<,zx&mm*fiom*m 
tHEIS# 5 1 ZWA'th , c P u^r t i?9)vm% 5 2 7) 
AAjt(i, ±§Ecoy^ypy^\*y-7^J:9«j££:f-i 
*«eehiii4 9 7>® * t , m#aaii9ift 5 o 7>ai *a* 
A*3*U CPU#T*y'7/F0S#5 2 7)ffiAjiifi-^ 
twills# 5 lfc:A* 3*1-6. 

[0022] JSLtJMH LA A 3 SrJJBHMWciSWC , 4 
y t°-^yxn^S^-#K4 5A1774 ofsw l , 
SW2CJ: O^McDM' £r-g>3-W'?y7 
4L SbAMA-^lAKiS i— S 4 SrlSlt-T-g. , 08(4 

oat ft* 4a»tfsK®£35^\ 
A A A A Of#^-S.#SMl C^-H3 2t'J-/-5 

4 7-3 oia^iEiiitcwssMft<?>3efl:«o«7-s0 

9 AMSbA-S . 09A&MT ffittt&f&ftk T c a- F 3 
2 A 0 — Ay 4 730 R37>EEiit (cm) TJ> 9 , tfttf* 
0 0%i 1 t LTiSltV^. 09 A 
awc s i-s4 zti^ticDwmtA yf-m»ffi 

I C#-F7>WI*a 

9 CO S l~S4t)t 'AAA— 074AgAAA j; ') A „ P 
=5r£> 4 yf-fyxl^m;! ot , SfISA Ab- 
7LA4- {iHAMA 4>AA. A- FKllP A-b'gA-jgtt 
4lt4±5() i #<t^^[Eg®4^^iEffl(tRSS§ti.TV^ . 4= 
Mft7)®®AAA(£, EBHAJEELT4 yb-ry*»T3E 
a^-^a 4 5 t)14.x 4 ofSWI .. SW2 SrJWAA y 
/Xy-thX tAA 9, £>§ — g*4U4± <MAtS'09 
Atsv vtSd** p ) A'#£>A&igH£fcfc*cA£ C t A 



•C#s. A AAA, 09Afc^T, Ail7)®S7)^i 
M I C ii — F 3 2 b 0-7 4-4 7 3 0 r^EEil* s ^l& L 
AAt AA 0. MAtS‘Sft»* A' p 4 AffiT LA b 3 A 

±IE7>a^X4 7fSWl- SW2ZW'JWLZ-&Xtl / Z 

A OiW^#&iEH£09 A£ft£EEitd 1 — d 2 7)iSH 
icifffiAtl. a t *iaj*S . 

[0023] 

[»B0<^»«3 «WAAA(f, 

*£»* t ft-^-o^fi 4 t « 

mmgmmmzti ot, t i^ns a wan 
§fIi§g7>A’A< t A LALA-AA, Affi*4 y b- 
7"y;xS: «rss®lfltf 4 4 y t - 7" y An»& #43Sr §g 
tts t>t, t mmmtmmmmmm 

tmt h , TOwa^n^iwrr * kjes smm 
xszm&L. fcmiiimtmmztTd xttMffi 
tAro-. h a t a, 

0 I C A- K A# 4, , M 

4j [AjU ■ d i: ^’T'S : „ 

[0m>fg#«!H] 

[01 ] I C^-KP7f AT) 

«fl£0. 

[02] *56WH4i(tS^HSai*I C^-Fy7rA9l 
3pffifi!tSr7K'f'7’c ? "/ 7 0„ 

[03] n‘^MA J r7y>4’?rltfflLA4 yb-7>x 
n»itr¥a7)@s&0. 

[04] df-r7'?y4'i;tD0}^i.x4 7f^fflof:4yf 

- 7'yypJS;a7r#a7)f#f5pM 5r ^APIS#0 , 

[05] 4957 '/A$:^r'r^4 y7'77yA$rMl^4 

y tf - 7" y x Sr 0 s#0 . 

[06 ] 4 yt”-^yx-5r»^#a^am«i!imgB 

F*3 L AIS7) 47 -f- AfifS, Sr 4o4~7" n -/ 7 0 . 

[07 ] LAyy-r Adj±Mg|5[ElSS0 o 

[08] 74 ■yf-c7)l3] i 9«i-(tj;S4yb-7'yAa-^ 

[09 ] 08(ciJtt*#4 yf-^yxcst^ i c^ 

- Ft 0-7"9 4 7P H 1c9EEil(t J: t»Sf3mA7)^fl:S-A 

[010] I Cij — FyxAA^ttJigSr^ 
t7'n'yr?0„ 

[011] CA-FAXAA(tlDV^T I 

c^r- Frt(c4 y t-7'yx>4^0S#£4riF&± 1^7)0 

SMSRF0. 

[flr^^BB] 

1 : mSPSfS£HB 2 : 

mtmmm 

3 : FlgPUIS# 4 : T> 

~tA~zi 4 It 

5 : Skills# 9 : TV 

A A x? 4 /F 

10: 4 y t°— T'yxnr^^-^a 1 1 : SJffll 
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